

CASK 



FIELD OF THE INVENTION 

The present invention relates to a cask for receiving 
and stocking a spent fuel assembly, having improved thermal 
conduction efficiency and increased capacity to store the 
spent fuel assembly, and which is compact and light. 




BACKGROUND OF THE INVENTION 

A nuclear fuel assembly which finishes combustion in 
a terminal phase of a nuclear fuel cycle and can not be used 
is called as a spent nuclear fuel. Since the spent nucle< 
fuel contains a radifoactive material such as an/FP^r the 
like, it is necessarjy to thermally cool, so that the spent 
nuclear fuel is cooled by a cooling pit in a nuclear power 
plant for a predetermined period (one to three years) . 
Thereafter, the sp^jjt nuclear fuel is received in a cask 
corresponding to $\ fThig^cied vessel, and transported to a 
reprocessing facitihfty by a truck or the like so as to be 
stocked. When the spent fuel assembly is received within 
the cask, a holding element having a grid-like cross section 
called as a baskert is used. The spent fuel assemblies are 
inserted in a plurality of cells corresponding to receiving 
spaces formed in/the basket one by one , whereby it is possible 
to secure a proger holding force against a vibration during 



n 



the _ transport^^n or the like . 

As a conventional example of the cask mentioned above, 
various kinds of structures are disclosed in "Nuclear Power 
eye" ( issued in April 1 , 1 99 8 by DAILY INDUSTRIAL PUBLICATION 
PRODUCTION), Japanese Patent Application Laid-Open No. 
62-242725 and the like. A description will be given below 
of a cask corresponding to a base which develops the present 
invention. In this case, the following contents will be 
shown for a convenience of description, and does not mean 
so-called known and used techniques . 

Fig. 24 is a perspective view which shows one example 
of a cask. Fig. 25 is a cross sectional view in an axial 
direction of the cask shown in Fig. 24. A cask 500 is 
constituted by a cylindrical barrel main body 501, a resin 

502 corresponding to a neutron shield provided in an outer 

periphery of the barrel main body 501, an external cylinder 

/ J V 

503 , a bottom section 504 and a cover section 505 . The barrel 

main body 501 and the bottom section 504 are formed by a 
forged product made of a carbon steel corresponding to a 
y ray shield. Further, the cover section 505 is constituted 
by a primary cover 506 and a secondary cover 507 which are 
made of a stainless steel or the like. The barrel main body 
501 and the bottom section 504 are connected according to 
a butt welding. The primary cover 506 and the secondary 
cover 507 are fixed to the barrel main body 501 by a bolt 



made of a stainless steel or the like. A metal O-ring is 
interposed between the cover section 505 and the barrel main 
body 501, whereby an air tightness in an inner section is 
kept. j 

A plurality of inner fins 508 executing a thermal 
conduction are provided between the barrel main body 501 



and the external cylinder 503. The inner fins 508 ^mploys 




a copper material which increases a thermal conduction 

/ 

efficiency. The resin 502 is poured into a space formed 

U / 

10 by the inner fins 508/in a flowing state.and is solidified 

3 y 

(0 due to a cooling operation . A basket 509 is structured such 

: ;«=! « / 

:, 4 , that sixty nine square pipe3 510 are collected in a bundle 

; :|3 shape a y s shown in Fig. 2 4 , and is inserted within a cavity 

:u / 

511 of the barrel main body 501 in a substantially bound 

fU 

r y 15 state. 

The square pipes 510 are made of an aluminum alloy 

1U - 

in which a neutron absorber (boron: B) is mixed so as to 
prevent the inserted spent fuel assemblies from reaching 
a critical state. In this case , trunnions 5^3 which suspend 

20 the cask 500 are provided in both sides of the cask main 
body 512 (one is omitted) . Further, a buffer 514 in which 
a wood material or the like is assembled in an inner section 
so as to constitute the buffer material are mounted to both 
end sections of the cask main body 512 (one is omitted) . 

25 In this case, the basket 509 may employ a structure 



formed in a box-of-cake shape, or an integrally cast 
structure in addition to the structure in which the square 
pipes 510 are collected in the bundle shape . The box-of-cake 
shaped basket is constructed by forming notches in both sides 
5 of a rectangular plate basket material and vertically 
crossing the basket materials by the notches, so as to be 
alternately assembled. Accordingly, it is possible to form 
the basket having a plurality of cells . Further the basket 
having the integrally cast structure is constructed by 
10 forming a whole of the basket according to a casting, and 
cells thereof are molded by using a core or according to 
a machining . 

In the instance of actually manufacturing the cask 
500 mentioned above, it is normally necessary to consider 

15 design conditions such as a receiving number , a size , a weight 
and the like of the spent fuel assemblies. In particular, 
it is preferable to employ a cask in which a receiving number 
is large, an outer diameter is small and a weight is small. 
However , according to the structure of the cask 50 0 mentioned 

20 above, since the square pipe 510 in an outermost periphery 
is in line contact with the inner surface of the cavity 511 
(this matter is applied to both of the box-of-cake shaped 
basket and the basket having the integrally cast structure 
in the same manner) , a space S is generated between the basket 

25 509 and the cavity 511, and a heat conduction from the cell 



515 to the barrel main body 501 can not be efficiently executed 
Further, since the diameter of the barrel main body 501 is 
increased due to an existence of the space S, the cask 500 
becomes heavy. 

On the contrary, since an Amount of radiation leaking 
out of the cask is restricted by a total\amount of the neutrons 

. <y- 

and the y rays, it is sufficient to Reduce a thickness of 
the barrel mair bod^ 501 ifn order^o intend^to lighten the 




cask 500. However, sincye it is necessary to constitute the 
Y rays shield, a thickciess which secures a y ray shielding 
function is required An a side of the barrel main body 501. 
Further, the cask y00 mentioned above is structured such 
as to be capable <ff receiving sixty nine fuel assemblies 
which have neverf b^dn achieved by the conventional art, 
however, when t/i§r cWameter of the barrel main body 501 is 
reduced in the? structure for the purpose of achieving a 
predetermined weight , the receiving number of the spent fuel 
assemblies is reduced. 



SUMMARY OF THE INVENTION 

It is an object of this invention to provide a cask 
which satisfies any one of conditions such as improving a 
heat conduction efficiency, increasing a receiving number 
of spent fuel assemblies and making compact or light. 

The cask according to one aspect of this, invention 



comprises a basket having square shaped cross section, 
wherein cutting sections are provided in both edges of 
rectangular plate-like members having a neutron absorbing 
performance and the plate- like members are alternately piled 
up vertically in such a manner as to mutually insert the 
cutting sections to each other, a barrel main body which 
shields y rays and forms an inner side of a cavity in a shape 
aligning with the basket, and a neutron shielding body 
arranged in an outer periphery of the barrel main body. A 
spent fuel assembly is stored in each of cells of the basket 
inserted in the cavity. 

The spent fuel assembly generates a decay heat as well 
as generating a radiat/ion . The spent fuel assembly is 
received within the cell of the basket, however; since the 
inner side of the cavi/ty of the barrel main body is formed 
in the shape aligning with the outer shape of the basket, 
the plate-like membfer (in particular, the square cross 
sectional shaped pcjrtion) in the outer side becomes in a 
state of being in cbnffcact with the inner surface of the cavity , 
when the basket fd Arfserted within the cavity. Further, 
since the shape ^i^kln^i^rercavity is aligned with the outer 
shape of the basket, a space between the basket and the cavity 
(^ahl^ ^ohB loslt oj r made veryJJ^ttle^ Accordingly, the 
decay heat is effectively conducted from the basket to the 
barrel, main body via a helium gas introduced into the inner 
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section or directly via the contact portion. 

Further, since the space withLn the cavity is made 
very little or it is not there at aril, it is possible to 
make an outer diameter of the bar/el main body small. On 
the contrary, when the outer diameter of the barrel main 
body is made in the same manner/of the barrel main body as 
shown in Fig. 25 , it is possible to form more cells. In 
this case, in the contact s/ate mentioned above, it is not 
necessary that thye iniker sZ/face of the cavity and the outer 
surface of the bask/efe-rfyfe completely and always in contact 
with each other,. and tfefe contact state includes an instance 
in which a slight gap exists or the contact is temporarily 
cancelled. Furthenr, the plate-like member mentioned above 
includes a hollow structure shown in a third embodiment. 

Further, since the plate-like member has the neutron 
absorbing function, it does not reach a critical state even 
when the spent fuel case is received. Further , the y rays 
generated from the spent fuel assembly is shielded by the 
barrel main body, and the neutron is shielded by the neutron 
shielding body. 

The cask according, to another aspect of this invention 
comprises a basket having square shaped cross section, 
wherein a plurality of cells having a neutron absorbing 
performance and storing spent fuel assemblies are integrally 
cast, a barrel main body which shields y rays and forms an 
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inner side of a cavity in a shape aligning with the basket, 
and a neutron shielding body arranged in an outer periphery 
% of the barrel main body. A spent fuel assembly is stored 
in each of cells of the basket inserted in the cavity. 

Since the basket is integrally cast, and the inner 
shape of the cavity in the/barrel main body is aligned with 
the outer shape of the/basket having the square ^cross 
sectional shape, the outer surface of the basket becomes 
in the state of being ill contact with the inner surface of 
the cavity in the same manner as mentioned above. Further, 
since the shape withim the cavity is aligned with the outer 
shape of the basket, a/space between the basket and the cavil 




ena ble to be los t^ ^r made very li ttJLeV Accordingly, the 
decay heat is ef^exybively conducted from the basket to the 
15 barrel main bc/dy A/n. a a helium gas introduced into the inner 
section or d^i^^Tffy via the contact portion. Further, it 
is possible to refduce the outer diameter of the barrel main 
body . On the contrary , when the outer diameter of the barrel 
main body is maiie in the same manner that of the barrel main 
20 body as shown An Fig. 25 , it is possible to form more cells . 

In the cask according to still another aspect of this 
invention, an inner side of a cavity in a barrel main body 
having a neutron shielding body in an outer periphery and 
shielding y rays is formed in a shape corresponding to an 
25 outer shape of a basket having a square cross sectional shape 
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constituted by a plurality of square pipes having a neutron 
absorbing performance in a state of inserting the square 
pipes within the cavity, a hollow dummy pipe having both 
ends closed is provided, a portion having a surplus thickness 
of the barrel main body within the cavity is formed in a 
shape corresponding to the dummy pipe, the dummy pipe is 
inserted within the cavity together with the basket in a 
state of being in contact with the square pipe, and a spent 
fuel assembly is received and stored within each of cells 
of the basket inserted within the cavity. 

Other objects and features of this invention will 
become apparent from the following description with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view which shows a cask 
according to a first embodiment of the present invention, 

Fig. 2 is a cross sectional view in an axial direction 
showing the cask shown in Fig. 1, 

Fig. 3 is a cross sectional view in a diametrical 
direction showing the cask shown in Fig. 1, 

Fig. 4 is an assembly diagram of a basket shown in 
Fig. 1, 

Fig. 5 is a flow chart showing a manufacturing method 
of a plate-like member, 



Fig. 6A and Fig. 6B are perspective views which show 
a dummy pipe. 

Fig. 7A and Fig. 7B are perspective views which show 
a modified embodiment of the dummy pipe, 

Fig. 8 is a schematic perspective view which shows 
a working apparatus of a cavity, 

Fig. 9A to Fig. 9D are schematic perspective views 
which show a working method of the cavity, 

Fig. 10 is a cross sectional view in a diametrical 
direction showing a modified embodiment of the cask, 

Fig . 11 is a schematic view which shows a cask according 
to a second embodiment of the present invention, 

Fig. 12A and Fig. 12B are perspective views which show 
a modified embodiment of a casting block, 

Fig. 13A and Fig. 13B are schematic views which show 
a modified embodiment of the cask shown in Fig. 11, 

Fig. 14A to Fig. 14C are schematic views which show 
a modified embodiment of the cask shown in Fig. 11, 

Fig. 15A and Fig. 15B are schematic views which show 
a modified embodiment o*f the cask shown in Fig. 11, 

Fig.-16A and Fig. 16B are schematic views which show 
a modified embodiment of the cask shown in Fig. 11, 

• Fig. 17 is a cross sectional view in a diametrical 
direction showing a cask according to a third embodiment 
of the present invention, 



Fig. 18 is a schematic view which shows a structure 
of a basket, 

Fig. 19 is a schematic view which shows an assembled 
state of a plate-like member, 

Fig. 20 is an assembly diagram of a heat conduction 
plate mounted to the plate-like member, 

Fig. 21 is a modified embodiment of a dummy pipe, 

Fig. 22 is a cross sectional view in a diametrical 
direction of a cask according to a fourth embodiment of the 
present invention, 

Fig. 23 is a perspective view which shows an inserting 
method of a square pipe shown in Fig. 22, 

Fig. 24 is a perspective view which shows an example 
of a cask, and 

Fig. 25 is a cross sectional view in an axial direction 
showing the cask shown in Fig. 24. 

DETAILED DESCRIPTIONS , 

Embodiments of the cask according to the present 
invention will be explained below with reference to the 
accompanying drawings. Howe^^rT") this invention is not 
limited by these embodiment? Further, it goes without 
saying that the structures wfuch enable to be easily derived 
by those skilled in the art are included in the constituting 
elements of the invention . 



• 



in 



Fig. 1 is a perspective view which shows a cask 
according to a first embodiment of the present invention. 



ew in an axial direction of 
3 is a cross sectional view 
the cask shown in Fig. 1. A 
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Fig. 2 is a cross sectional vi 
1 the cask shown in Fig. 1. Fig 
in a diametrical direction of 
cask 100 according to the fi:rist embodiment is structured 
such that an inner surface of/a cavity 102 of a barrel main 
body 101 is machined in conformity with an outer peripheral 
shape of a basket 130 . The machining of the inner surface 
of the cavity 102 is milled by/an exclusive working apparatus 
mentioned below . The barrel main body 101 and a bottom plate 
104 correspond to forged pioduets made of a carbon steel 



having a y ray s 



of the carbon steel, a sta 



15 barrel main body 



101 and/ 




hielding f ii^tioJ. In thi 

1 



s case, in place 
steel may be employed. The 



the bottom plate 104 are bond ed 



according to a wel^iar^ Eurther, in order to secure a sealing 



performance as a pressurf vessel , a metal gasket is provided 
between a primary .coverJllO- and the barrel main body 101. 

A resin 106 made of a polymeric material containing 
20 a lot of hydrogen and having a neutron shielding function 



25 



is charged between the barrel main body 101 .and an external 
cylinder 105. Further, a plurality of copper inner fins 
107 which ejcec.u-te-ar heat conduction are welded between the 
barrel main body 101 and the external cylinder 105, and the 
resin 106 is poured into a space formed by the inner fins 
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107„in a fluid state so as to be cooled and solidified. In 
this case, it is preferable that the inner fins 107 are 
provided in a portion having a lot of calories at a high 
density in order to uniformly execute a , heat radiation. 
5 Further, a heat expansion margin 108 of some mm is provided 
between the resin 106 and the external cylinder 105. This 
heat expansion margin 108 is formed by arranging a 
disappearing mold obtained by inserting a heater or the like 
in. a hot melt adhesive or the like on the inner surface of 
10 the external cylinder 105, pouring the resin 106 so as to 
solidify and thereafter heating the heater so as to melt 
and discharge the mold (not shown) . 

A cover section 109 is . constituted by a primary cover 
110 and a secondary cover 111. The primary cover 110 has 



15 a disc shape made of a stainless stee l of^ a^capDon steel 
shielding the y ray. Further, the secondary cover 111 also 
has a disc shape made of a stainless steel or a carbon steel, 
however, a resin 112 corresponding to a neutron shielding 
body is sealed on an upper surface thereof. ~ The primary 

20 cover 110 and the secondary cover 111 are mounted to the 
barrel main body 101 by bolts 113 made of a stainless steel 



between the primary cover 110 and the secondary cover 111, 
and the barrel main body 101 , thereby maintaining an internal 
25 sealing property. Further, an assist shielding body 115 




or a carbon steel. Further, metal 
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in which a resin 114 is sealed is provided around the cover 
section 109 . 

Trunnions 117 which suspend the cask 100 is provided 
in both sides of a cask main body 116. In this case, in 
Fig. 1, there is shown a structure in which the assist 
shielding body 115 is provided, however, at a time of 
transferring the cask 100, the assist shielding member 115 
is taken out and a buffer body 118 is mounted (refer to Fig. 
2) . The buffer body 118 corresponds to a structure in which 
a buffer member 119 such as a redwood material or the like 
is assembled within an external cylinder 120 prepared by 
a stainless steel. 

Fig. 4 is an assembly view of the basket shown in Fig. 
1. A basket 130 is constructed by alternately piling up 
rectangular plate-like members 135 vertically. Cutting 
sections 136 are formed in both sides of the rectangular 
plate-like members 135 at a fixed interval , and the interval 
of the cutting sections 136 is determined by a cell width, 
that is , a width of the spent fuel assembly . The rectangular 
plate-like members 135 are alternately piled up vertically 
so that the cutting sections 136 are inserted to each other. 
Accordingly, the basket 130 having a plurality of cells is 
totally constructed. Further, the plate-like member 135 
employs an aluminum composite material obtained by adding 
B or B chemical compound powders having a neutron absorbing 



performance to Al or Al alloy powders , or an aluminum alloy. 

Further, as the neutral absorbing material, a cadmium can 

be employed in addition to the boron. 

Fig. 5 is a flow chart showing a manufacturing method 

of the plate-like member mentioned above. At first, the 

Al or AL alloy powders are produced according to a rapidly 

solidifying method such as an atomizing method or the like 
(step S4 0 1 ) , the B or B chemical compound powders are prepared 
(step S402) and both of these powders are mixed by a cross 

rotary mixer or the like for ten to fifteen minutes (step 

S403) . 

The Al or Al alloy can employ a pure aluminum ingot, 
an Al-Cu group aluminum alloy , an Al-Mg group aluminum alloy , 
an Al-Mg-Si group:|;luminum alloy , an Al-Zn-Mg group aluminum 
alloy, an Al-Fe group aluminum alloy or the like. Further, 
the B or B chemical compound can employ a B 4 C , 'B 2 0 3 or the 
like. In this case, it is preferable to set an amount of 
adjunction of the boron with respect to the aluminum to be 
equal to or more than 1.5 weight % or more and equal to or 
less than 7 weight %. If it is equal to or less than 1.5 
weight %, a sufficient neutron absorbing performance can 
not be obtained , and if it is more than 7 weight % , an extension 
with respect to drawing is reduced. 

Next, the mixed powders are sealed within a rubber 
case, and a high pressure is uniformly applied from all the 



directions at a room temperature according - to a cold 
isostatic press (CIP) , whereby a powder molding is executed 
(step S404) . The molding condition of the CIP is set such 
that a molding pressure is 200 Mpa f a diameter of the molded 
product is 600 mm and a length thereof is 1500 mm. By 
uniformly applying the pressure from all the directions 
according to the CIP , it is possible to obtain a molded product 
having a small dispersion in the molding density and a high 
density . 

Next, the powder molded product is vacuum sealed in 
a can, and a temperature thereof is increased to 300 °C (step 

5405) . A gas content and a water content within the can 
are removed according to this degasif ication step. In the 
next step, the molded product after being vapor degasif ied 
is remolded according to a hot isostatic press (HIP) (step 

5406) . The molding condition of the HIP is set such that 
a temperature is between 400 °C and 450 °C , a time is 30 
sec, a pressure is 6000 ton and a diameter of the molded 
product is 400 mm. Next, in order to remove the can, an 
outer milling and a peripheral and end milling are applied 
(step S407) , and a billet is hot extruded by using a port 
hole extruder (step S408) . As an extruding condition in 
this case, a heating temperature is set to 500 °C to 520 °C 
and an extruding speed is set to 5 m/min . In this case, 
this condition is properly changed according to a content 



of B . Next, a drawing cure is applied after the extrusion 
molding (step S409) , an unsteady section and an estimation 
section are cut so as to obtain the plate member 135 (step 
S410) . Further, a plurality of cutting sections 136 are 
formed in the plate-like members 135 and according to a 
machining process (step S411) . 

Fig. 6A is a perspective view which shows the dummy 
pipe shown in Fig. 3. As shown in Fig. 3, the dummy pipes 
133 are respectively inserted to both sides of cell lines 
having five or seven cells in the cavity 102. The dummy 
pipes 133 are provided for the purpose of reducing a weight 
of the barrel main body 101 and uniformizing a thickness 
of the barrel main, body 101. In particular, the 
unif ormization of the thickness is effective with respect 
to preventing a stress from being concentrated in a specific 
section of the barrel main body. Further, they can be used 
for the purpose of securely fixing the basket 130 . The dummy 
pipes 133* employ an aluminum alloy containing boron and are 
manufactured according to the same steps as those mentioned 
above . 

Further, the dummy pipes 133 are formed in a square 
pipe shape, however, both ends thereof are closed by covers 
133a (in Fig. 3, the covers are omitted in illustration) . 
If the covers 133a are welded and the inner sections of the 
dummy pipes 133 are sealed, no pure water come within the 



f 



dummy pipes 133 at a time of pouring the pure water in the 
fuel "handling facility , so that it is effective for the weight 
saving of the cask. In particular, the weight of the cask 
is limited at a time when the cask is suspended from a cask 



after receiving the fuel/s, and at a time when the water is 



is suspended down to the cask pit, and this means that the 
weight of the cask at a time of suspending up or suspending 

10 down becomes small due to, the fact that the pure water does 
not come within the dummy pipes 133. 

Further, another material can be charged in the inner 
section by sealing the inner section of the dummy pipe 133. 
For example, it is possible to easily execute a helium gas 

15 introducing operation at a time of storing by previously 
charging the helium gas in the inner section. Further, it 
is possible to improve a heat conductivity at a time of storing 
by sealing the helium gas. In this case, when introducing 
the helium gas, it is preferable that a valve is provided 

20 in one cover 133a. Further, it is preferable that the valve 
is sealed after introducing the gas. It is possible to 
increase the heat conductivity of the cask by sealing a gas 
or a fluid having a high heat conductivity in addition to 
the helium gas. Further, the resin mentioned above may be 

25 sealed in the inner sections of the dummy pipes 133. 



5 pit in a state that the water is charged within the cask 



poured for the purpose ,of taking out the fuels and the cask 
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According to this structure, it is possible to improve the 
neutron absorbing performance by effectively utilizing the 
internal space of the dummy pipes 133 corresponding to the 
dead space . 

Fig. 6B is a perspective view'which shows a modified 
embodiment of the dummy pipe. As shown in the drawing, the 
structure may be made such that a cross sectional shape of 
a dummy pipe 134 is formed in a fan shape. In this case, 
a dummy pipe corresponding portion of the cavity 102 forms 
a curved surface (not shown) . Further, the inner section 
can be sealed by welding covers 134a to both sides thereof 
and the helium gas ore the resin can be introduced therein 
in the same manner as that of the dummy pipe 133 shown in 
Fig. 6A. 

Next, since the dummy pipe 133 is provided for the 
purpose of uniformizing the thickness of the barrel main 
body 101 together with reducing the weight of the barrel 
main body 101 as mentioned above, it is not always necessary 
to have a sealed structure. Accordingly, the cover 133a 
of the dummy pipe 133 may be omitted, and a dummy member 
137 in which a cross sectional shape is formed in an H shape 
can be alternatively used, as shown in^£^ 

it is possible to employ a dummy member 138 in which a cross 
se,^y^n.al shape is formed in an N shape, as shown in Fig. 
7B. Ir^particular, when the cross sectional shape is formed 



in the N shape, it is possible to securely fix the basket 
130 by inserting it due to an elastically deformation. In 
this case, the dummy member 133 may be omitted. 

Next, a description will be given of a process of the 
5 cavity 102 in the barrel main body 101. Fig. 8 is a 
schematically perspective view which shows a working 
apparatus of the cavity 102. A working apparatus 140 is 
constituted by a fixed table passing through the inner 
section of the barrel main body 101 and mounted and fixed 
;»3 10 within the cavity 102, a movable table 142 sliding in an 

5 • 

illy axial direction on the fixed table 141, a saddle 143 

'"'4 positioned and fixed on the movable table 142, a spindle 

q 

; :0 unit 146 provided on the saddle 143 and having a spindle 

J U 144 and a drive motor 145, and a face mill 147 provided in 

m 

IJjj 15 a spindle shaft. Further, a reaction force receiver 148 

in which a contact section is formed in correspondence to 
an inner shape of the cavity 102 is provided on the spindle 
unit 146. This reaction force receiver 148 is detachably 
provided and slides in a direction of an arrow in the drawing 
20 along a dovetail groove (not shown) . Further, the reaction 
force receiver 148 has a clamp apparatus 149 against the 
spindle unit 146, and can be fixed at a predetermined 
position. 

- Further, a plurality of clamp apparatus 150 is mounted 
25 within a lower groove of the fixed table 141. The clamp 
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apparatus 150 is constituted by a hydraulic cylinder 151, 
a wiedge-like moving block 152 provided in a shaft of the 
hydraulic cylinder 151, and a fixed block 153 brought into 
contact with the moving block 152 on an inclined surface, 
5 and is structured such as to mount a hatched section in the 
drawing to a groove inner surface of the fixed table 141. 
When driving the shaft of the hydraulic cylinder 151, the 
moving block 152 is brought into contact with the fixed block 
153, and the moving block 152 moves slightly downward due 
10 to an effect of the wedge (shown by a dotted line in the 
drawing) . Accordingly, since a lower surface of the moving 
block 152 is pressed against the inner surface of the cavity 
102, it is possible to fix the fixed table 141 within the 
cavity 102 . 

15 Further, the barrel main body 101 is mounted on a 

rotation supporting table 154 constituted by a roller, and 
can freely rotate in a diametrical direction. 1 Further, it 
is possible to adjust a height of the face mill 147 on the 
fixed table 141 by inserting a spacer 155 between the spindle 

20 unit 146 and the saddle 143. The saddle 143 moves in a 
diametrical direction of the barrel main body 101 by rotating 
a handle 156 provided in the movable table 142 . The movable 
table 142 is moved and control led by a servo motor 157 provided 
in an end section of the fixed table 141 and a ball screw 

25 158. In this case, since the shape within the cavity 102 



is changed according to the working is progressed, it is 
necessary to change the reaction force receiver 148 and the 
moving block 152 of the clamp apparatus 150 to a proper shape . 

Fig. 9A to Fig. 9D are schematically explanatory views 
which show a working method of the cavity. At first, the 
fixed table 141 is fixed at a predetermined position within 
the cavity 102 by the clamp apparatus 150 and the reaction 
force receiver 148. Next, as shown in Fig. 9A, the spindle 
unit 146 is moved along the fixed table 141 at a predetermined 
cutting speed, thereby cutting the inner section of the 
cavity 102 by the face mill 147 . When the cutting operation 
at the position is completed, the fixed table 141 is released 
by taking out the clamp apparatus 150. Next, as shown in 
Fig. 9B, the barrel main body 101 is rotated at 90 degrees 
on the rotation supporting table 154, and the fixed table 
141 is fixed by the clamp apparatus 150 . Further , the cutting 
operation is executed by the face mill 147 in the same manner 
as mentioned above. Hereinafter, the same steps mentioned 
above are further repeated twice. 

Next, the spindle unit 146 is rotated at 180 degrees, 
thereby sequentially cutting the inner section of the cavity 
102 as shown in Fig. 9C. In this case, in the same manner 
as mentioned above, the working process is also repeating 
while rotating the barrel main body 101 at 90 °C . Next, 
as shown in Fig. 9D, the position of the spindle unit 146 




is made high by inserting the spacer 155 in the spindle unit 
146 . Further , the face mill 147 is fed in an axial direction 
at the position, thereby cutting the inner section of the 
cavity 102 . By repeating this while rotating at 90 degrees , 
5 a shape necessary for inserting the basket 130 is 
substantially completed . In this case, the portion to which 
the dummy pipe 133 is inserted may be cut in the same manner 
as shown in Fig. 9D. However, a thickness of the spacer 
adjusting the height of the spindle unit 146 is set to the 

10 same as one line of the dummy pipe 133. 

Since the spent fuel assembly received in the cask 
100 includes a fissile material, a fission product and the 
like and generates a radiation and a decay heat, itis possible 
to securely maintain a heat removing function, a shielding 

15 function and a critical preventing function of the cask 100 
during a storage period (about sixty years) . In the cask 
100 according to the first embodiment, the structure is made 
such that the inner side of the cavity 102 of the barrel 
main body 101 is machined so as to insert the outer peripheral 

20 surface of the basket 130 in a closely attached state 
(substantially with no space) , and the inner fins 107 are 
provided between the barrel main body 101 and the external 
cylinder 105. Accordingly, the heat output from the fuel 
rod is conducted to the barrel. main body 101 through the 

25 basket 130 or the charged helium gas, and is radiated from 



the.external cylinder 105 mainly through the inner fins 107 . 
According to the structure mentioned above, a coefficient 
of heat conductivity from the basket 130 is improved and 
it is possible to effectively remove the decay heat. 

Further, the y rays generated from the spent fuel 
assembly is shielded by the barrel main body 101, the external 
cylinder 105, the cover section 109 and the like which are 
made of the carbon steel or the stainless steel. Further, 
the neutron is shielded by the resin 106 , whereby an influence 
due to bombing is not applied to a radiation business operator 
In particular, a design is made so that it is possible to 
obtain a shielding function in which a coefficient of 
equivalence of surface ray is equal to or less than 2 mSv/h 
and a coefficient of equivalence of ray amount having a depth 
1 m from the surface is equal to or less than 100 Sv/h. 
Further, since the aluminum alloy containing boron is 
employed in the plate-like member constituting the cell 131 , 
it is possible to absorb the neutron so as to prevent from 
reaching the critical state. 

As mentioned above, according to the cask 100 of the 
present first embodiment, since the structure is made such 
that the inner side of the cavity 102 of the barrel main 
body 101 is machined so as to insert the outer peripheral 
surface of the basket 130 in the substantially close attached 
state, it is possible to improve the coefficient of heat 



conductivity . Further, since the space within the cavity 
102 can be lost, it is possible to make the barrel main body 
101 compact and light . Here, even in this case , the receiving 
number of the spent fuel assemblies is not reduced. On the 
contrary, if the outer diameter of the barrel main body 101 
is set to be the same as that of a cask 500 shown in Fig. 
25, the number of the cells can be secured at that degree, 
so that it is possible to increase the receiving number of 
the spent fuel assemblies. In particular, in the cask 100, 
it is possible to set the receiving number of the spent fuel 
assemblies to sixty nine, and it is possible to restrict 
the outer diameter of the cask main body 116 to 2560 mm and 
the weight thereof to 120 tons . Further , as an actual problem, 
by employing the structure mentioned above, it is possible 
to receive sixty nine spent fuel assemblies while satisfying 
the required weight restriction and size restriction. 

Fig. 10 isacross sectional view which shows a modified 
embodiment of the cask mentioned above. In a barrel main 
body 201 of a cask 200, in place that an inner side of a 
cavity 202 is flat worked so that the outer peripheral surface 
of the basket 130 is completely brought into contact 
therewith, it is worked so that a part thereof is brought 
into contact therewith and little spaces Sa and Sb are left. 
That is, a plurality of grooves 205 formed so that a part 
of the basket 130 is engaged are worked with respect to twelve 



positions of the cavity 202 in which the inner section of 
the cavity 202 is formed in a cylindrical shape. Further, 
a. dummy pipe having a shape corresponding to a shape of a 
space formed between the cavity 202 and the basket 130 is 
inserted to the space Sb (the dummy pipe 134 shown in Fig. 
6A is preferable) . 

According to the structure mentioned above, since a 
working amount of the barrel main body 201 applied by the 



working apparatus can be reduced , <a productivity is improved 



Further, since a portion in which the basket 130 is directly 
brought into contact with the barrel main body 201 is 
increased, and the spaces Sa and Sb within the cavity 202 
can be reduced, it is possible to improve the coefficient 
of heat conductivity in comparison with the cask 500 shown 
in Figs . 24 and 25 while being less than the cask 100 according 
to the first embodiment. Further, it is possible to make 
the cask 200 compact and light. In this case, since the 
other constituting elements are the same as those of the 
cask 100 according to the first embodiment mentioned above, 
the description thereof will be omitted. 

Fig. .11 is an explanatory view which shows a cask 
according to a second embodiment of the invention. In this 
cask 210, there exists a feature in a point of using a basket 
211 having an integrally cast structure. Since the other 
structures are the same as those of the cask 100 according 




to the first embodiment, a description thereof will be 
omitted and the same reference numerals are attached to the 
same constituting elements. The cast basket 211 is formed 
by forming a whole of the cast basket 211 in a block' unit 
and piling up them. A block 212 is integrally formed 
according to a casting, and a cell 213 receiving the spent 
fuel assembly is formed by applying a machining process to 
the block 212. For example, the cell 213 can be formed by 
using. an electric discharge machining or a wire cutting. 
Further, at a time of casting, the cell 213 may be formed 
by using a core. 

The block 212 formed in the manner mentioned above 
is received within the cavity 102 in a piling up manner as 
shown in Fig . 11 . The block 212 is inserted within the cavity 
102 in a laminated manner so as to construct the cast basket 
211, and in this state, a dummy pipe 214 is inserted. The 
dummy pipe 214 has the same structure as that disclosed in 
the first embodiment , and a shape thereof can suitably select 
and employ the shapes disclosed in Fig. 6A to Fig. 7B. By 
using the dummy pipe 214, even when using the cast basket 
211 , it is possible to unif ormize the thickness of the barrel 
main body 101 as well as reducing the weight of the barrel 
main body 101 . . 

' As a casting method suitable for the cast basket 211, 

'i 

it is preferable to use a pressure application casting method 



performed by a metal casting mold in view of a size accuracy 
or the like. Further, it is also possible to obtain a good 
basket having a little blow hole even according to a vacuum 
casting method. For the material of the cast basket 211 , 
a material obtained by adding the boron to the aluminum or 
the aluminum alloy is employed . The Al or Al alloy can employ 
a pure aluminum ingot, an Al-Cu aluminum alloy, an Al-Mg 
aluminum alloy, an Al-Mg-Si aluminum alloy, an Al-Zn-Mg 
aluminum alloy , an Al-Fe aluminum alloy or the like . Further , 
the B or B chemical compound can employ a B 4 C, B 2 0 3 or the 
like. In this case, it is preferable to set an amount of 
adjunction of the boron with respect to the aluminum to be 
equal to or more than 1.5 weight % or more and equal to or 
less than 7 weight %.. If it is equal to or less than 1 . 5 
weight %, a sufficient neutron absorbing performance can 
not be obtained , and if it is moire than 7 weight % , an extension 
with respect to drawing is reduced. 

Fig. 12A is a perspective view which shows a modified 
embodiment of a cast block. The cast block 215 has a feature 
in a point that a section (a dummy cell 216) corresponding 
to the dummy pipe is integrally cast. According to the 
structure mentioned above, since it is possible to save the 
trouble of independently manufacturing the dummy pipe so 
as to insert, the structure and an assembling work become 
simple. Further, since a contact interface between the 

2 8 



basket and the dummy pipe is lost; the efficiency of heat 
conduction is improved. The cast block 215 shown in Fig. 
12A is structured such that the dummy cell 216 has a hollow 
structure , however, it may have a solid structure (an 
illustration is omitted) . Further, the cast block 215 may 
be constituted by blocks 215a separated into four pieces 
in a peripheral di rect ion and one pipe 215b placed in a center , 
as shown in Fi^^ According to the structure mentioned 

above, it is possible to manufacture the cast block 215 in 
correspondence to a capacity of a casting equipment. As 
mentioned above, by receiving the cast basket 211 within 
the cavity 102 in a substantially close attached state, it 
is possible to improve the efficiency of heat conductivity 
from the cast basket 2 1 1 to the barrel main body 101 . Further , 
since it is possible to omit the space within the cavity 
102, it is possible to make the barrel main body 101 compact 
and light . , 

Fig. 13A to Fig. 16B are explanatory views which show 
modified embodiments of the cask mentioned above. A cask 
220 shown in Fig. 13A is used for PWR, and is structured 
such that a barrel main body 221 and a neutron shielding 
body 222 are formed in a regular oct agonal shape and a b asket 
having an integrally cast structure is inserted within a 
cavity 2.23 thereof. The cast bas ket .2 2 4 constituted by the 
material obtained by adding the boron to the aluminum or 



the, aluminum alloy in the same manner as mentioned above. 
Further, in order to charge a space generated between the 
cavity 223 and the cast basket 224 , a dummy cell 225 having 
a triangular cross sectional shape is integrally formed 
5 (refer to an enlarged view in Fig. 13B) . Accordingly, an 
outer shape of the cast basket 224 becomes the regular 
octagonal shape, and is received in the cavity 223 having 
the same regular octagonal shape in a substantially close 
attached state. A through hole 227 through which the pure 

10 water and the helium gas flow is formed between the cell 
226 and the cell 226. 

The cell 226 and the through hole 227 of the cast basket 
224 are formed according to the machining process such as 
the electric discharge machining, the wire cutting or the 

15 like. Further, the point that the cast blocks are piled 
up so as to form the cast basket 224 is the same as that 
of the cast basket 211 mentioned above. In this cask 220, 
thirty seven cells 226 each of which receives the spent fuel 
assembly are formed, and eight dummy cells 225 are uniformly 

20 arranged at four corners of the cast basket 224. Further, 
a cover may be provided in the dummy cell 225 so as to seal 
an interior section, or the helium or the resin may be sealed 
in the inner section (not shown) . Further, in the drawing, 
the inner section of the dummy cell 225 is hollow, however, 

25 it may be solid. It is preferable to suitably determine 




whether or not the dummy cell 225 is provided, the shape 
thereof, whether or not the cover is provided and the like, 
on the basis of conditions such as a weight limitation, a 
strength, a heat conduction and the like which are required 
5 in the cask. 

Further, with respect to the shape of the dummy cell 
225, the cross sectional shape is not necessarily regular 
triangle, for example, as shown in Fig. 14A, it may be 
constituted by a fan-shaped cell 225a, or as shown in Fig. 

10 14B, it may be constituted by a plurality of circular cells 
225b. Further, as shown in Fig. 14C, it may be constituted 
by two triangular cells 225c. Next, a cask 230 shown in 
^/Fig. 15A is structured such that thirty two cells 236 each 
of which receives the spent fuel assembly are formed, and 

15 a barrel main body 231 and a neutron shielding body 232 are 
formed in an octagonal shape. Four dummy cells 235 (refer 
to an enlarged view in, Fig. 15B) are uniformly arranged at 
four corners of a basket 234. A through hole 237 through 
which the pure water and the helium gas flow is formed between 

20 the cell 236 and the cell 236. 

A cask 240 shown in Fig. 16A is structured such that 
thirty two cells 246 each of which receives the spent fuel 
assembly are formed. Solid sections 245 which are not in 
contact with a cavity 243 at four corner sections are formed 

25 in an outer side of a cast basket 244 (refer to an enlarged 




view in Fig. 16B) , and a predetermined space 247 is formed 
with respect to the surface of the cavity 243 . Accordingly, 
there can be obtained an advantage that the cask 240 can 
be made light in comparison with the instance of it being 
5 made completely solid. On the contrary, a side surface 
section of the cast basket 244 is flush and becomes in a 
substantially close attached state with an inner surface 
of the cavity 243. Accordingly, it is possible to smoothly 
execute a heat conduction from the cast basket 244 to the 

10 barrel main body 241 . Further , since it is possible to make 
the space within the cavity 243 small, it is possible to 
make the cask 240 compact. 

Fig. 17 is a cross sectional view in a diametrical 
direction showing a cask according to the third embodiment 

15 of the invention. This cask 300 is used for PWR, and is 
structured such that a basket 301 having a box-of-cake shape 
is received within a cavity 306 having an inner shape 
corresponding to an outer shape of the basket 301 . . Further, 
an outer shape of the barrel main body 302 is formed in a 

20 substantially regular octagonal shape, and a neutron 
shielding body 303 constituted by a resin is provided in 
the periphery thereof. The neutron shielding body 303 is 
charged in a space sectioned by a plurality of heat conducting 
fins 305 extended between the barrel main body 302 and an 

25 external cylinder 304 . In this case, a honeycomb body made 



m 



of an aluminum or a copper may be arranged within the space, 
and the neutron shielding body may be pressure inserted and 
charged within the honeycomb . 

The external cylinder 304 has a separated structure , 
5 and is extended to the heat conduction fin 305 welded to 
the barrel main body 302 so as to be welded. In preferable, 
as shown in Fig. 17, the heat conducting fin 305 is welded 
to both end edges of a rectangular external cylinder member 
304asoas to form aunit 304c having a C- shaped cross sectional 
10 shape, and is welded to the barrel main body 302 in a state 
of being united. Further, the unit 304c is welded at a fixed 
interval , and finally a rectangular external cylinder member 
1,13 304b is extended between the external cylinder members 304a 

£3 of the unit 304c so as to be welded from an external section. 

riy 

fy ■ 15 According to the assembling method mentioned, above , since 

m 

P it is not necessary to execute the welding operation within 

ru 

an extremely narrow space and it is possible to weld almost 
from the external section , it is possible to make the welding 
operation simple . 

20 Further, when constructing the unit 304c in the manner 

mentioned above, it is possible to prevent a heat affected 
zone from being locally concentrated by moving a welded 
section 304d between the external cylinder members 304a and 
304b apart from a welded section 304e between the heat 

25 conducting fin 305 and the external cylinder member 304a. 
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Further', in 'addition to the mounting method, the structure 
_may be made such that all the heat conducting fins 305 are 
welded to the barrel main body 302 and thereafter the 
rectangular external cylinder members are sequentially 
5 welded to outer peripheral side end edges of the heat 
conducting fins 305. In this case, the barrel main body 
302 is a forged product made of the stainless steel or the 
carbon steel in the same manner as that of the cask 100 
according to the first embodiment. 

10 Next, an inner section of a cavity 306 is formed in 

a shape corresponding to the outer shape of the basket 301. 
Fig. 18 is an explanatory view which shows a structure of 
the basket. The basket 301 is constructed by providing 
cutting sections 312 in rectangular plate-like members 310 

15 having through holes 311 and alternately piling up the 
plate-like members 310 vertically. According to this 
structure, a plurality of cells 307 each of which receives 
the spent fuel assembly are formed. The through holes 311 
are formed in a longitudinal direction of the plate-like 

20 members 310 so that a cross sectional shape is formed in 
a lattice shape, and a plurality of communication holes are 
formed in center ribs 313 thereof (not shown). Further, 
the through holes 311 are communicated with the through holes 
311 in the other plate-like members 310 by cutting sections 

25 312. Further, communication holes 314 which communicate 



the. through holes 311 of the vertically positioned plate- like 
members 310 with each other are provided in end surfaces 
in a longitudinal direction of the plate-like members 310. 
In this case, the plate-like members 310 having the lattice 
cross sectional shape are employed here, however, it is 
possible to employ plate- like members having a narrow lattice 
cross sectional shape by increasing the number of the ribs 
(not shown) . According to the structure mentioned above, 
it is possible to increase a rigidity of the plate-like 
members . 

Further, a recess section 315 and a convex section 

316 are formed in upper and lower end edges of the plate-like 
member 310. The plate-like members 310 positioned 
vertically are positioned by the recess section 315 and the 
convex section 316 (refer to Fig. 19) . Accordingly, since 
it is possible to prevent a step from being generated within 
the cell 307, it is possible to smoothly receive the spent 
fuel assembly within the cell 30 7 . Further , a convex section 

317 is formed in an end edge of the plate-like member 310. 
Further, as shown in Fig. 20, since the step is generated 
in the end edge of the plate-like member 310 by providing 
the convex section 317, a heat conducting plate 318 is 
extended between the adj acent steps . Accordingly , an outer 
peripheral surface of the basket 301 is formed. For a 
material of the plate-like member 310 and the heat conducting 



plate 318, there is employed a material obtained by adding 
the boron to the aluminum or the aluminum alloy corresponding 
to the same material as that of the first embodiment. In 
this case, the mounting of the heat conducting plate 318 
5 is not limited to the method in which the convex section 

317 is provided as shown in Fig. 20. For example, the 
structure may be made such that the heat conducting plate 

318 is brought into contact with all the end edge of the 
plate-like member 310 so as to be fixed according to a spot 

||* 10 welding or the like. 

JiU In the outer shape of the basket 301, four surfaces 

r!3 

301a thereof are flush by the heat conducting surface 318, 

Q 

:,Q and the other four surfaces 301b are formed in a square cross 

□ sectional shape. An inner shape of the cavity 306 becomes 

ry 

| : y 15 flush in such a manner as to be in a substantially close 

: i?3 

Q attached state with the flush portion (301a) of the basket 

ry 

301, and a portion corresponding to the square cross 
sectional portion ( 3 0 lb) of the basket 301 becomes 
substantially a shape corresponding to the shape, however, 
20 leaves a space S at a corner section. Next, in order to 
charge the space S 7 ^-a-d-ummy pipe 30 8 having a triangular 



cross sectional shapej^J^ Due to the dummy pipe 

308, i"t — is possible to reduce a weight of the barrel main 
body 302 and uniformize the thickness of the barrel main 
25 body 302. Further, it is possible to restrict a play of 
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the-basket 301 so as to securely fix. In this case, in place 
of the dummy pipe 308 having the triangular cross sectional 
shape, a dummy pipe 308a having a quadrangular cross 
sectional shape as shown in Fig. 21 can be used. In this 
case, the inner shape of the cavity 306 becomes the square 
cross sectional shape corresponding to the dummy pipe 308a . 

A trunnion 309 is directly mounted to the barrel main 
body 302. At this time, it is preferable that a mounting 
position of the trunnion 309 is provided in the portion having 
the square cross sectional shape in the barrel main body 
302 . In the portion having the square cross sectional shape 
302b, since a little surplus exists in the thickness of the 
barrel main body 302 rather than the flush section 302a, 
an influence is a little in view of the y ray shielding even 
when working a trunnion seat. Further, a resin 309a is 
charged within the trunnion 309, however, it is possible 
to prevent the neutron from transmitting from the resin 
non-charged section 309b in the trunnion at some degree by 
charging the resin within the dummy pipe 308 provided in 
the space S. 

As mentioned above, according to the cask 300 , since 
the cavity 306 is formed so as to correspond to the outer 
shape of the box-of-cake shaped basket 301, the efficient 
of heat conduction from the basket 301 to the barrel main 
body 302 is improved. In particular, the decay heat is 



effectively transmitted to the barrel main body 302 via the 
heat conducting plate 318 provided on the outer peripheral 
surface of the basket, and a part in the portion having the 
square cross sectional shape 301b of the basket 301 is in 
surface contact with the barrel main body 302 soas to securely 
hold the basket 301 and improve the efficiency of the heat 
conduction . Further , since it is possible to resist against 
the deformation of the basket 301 by inserting the dummy 
pipe 30 8 to the space S; it is possible to more hold . Further , 
the efficiency of the heat conduction is further improved. 
In this case, in the structure mentioned above, it goes 
without saying that the efficiency of the heat conduction 
can be improved at some degree even when omitting the heat 
conducting plate 318. 

^^YLq^ cross sectional view in a diametrical 

direction of a cask according to a fourth embodiment of the 
invention. A cask 400 according to the fourth embodiment 
corresponds to a structure in which the box-of-cake shaped 
basket of the cask shown in the first embodiment mentioned 
above is changed to a square pipe shaped basket 430. Since 
the other structures are the same as those of the cask 100 
according to the first embodiment, a description thereof 
will be omitted and the same reference numerals are attached 
to the same constituting elements. The basket 430 is 
constituted by sixty nine square pipes 132 constituting the 
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cell 131 which receives the spent fuel assembly. For the 
square pipe 132 , in the same manner as that mentioned above, 
there is employed the aluminum composite material obtained 
by adding the B or the B chemical compound powders having 
5 the neutron absorbing performance to the Al or the Al alloy 
powders. Further, for the neutron absorbing material, it 
is possible to use the cadmium in addition to the boron. 
The manufacturing method of the square pipe 132 is executed 
according to the extruding method shown in the first 

10 embodiment . 

The square pipe 132 mentioned above.;is, for example, 
formed in a quadrangular shape in which'one line of the cross 
section is 162 mm and an inner side is 151 mm. A tolerance 
of size sets a minus tolerance to 0 in connection with a 

15 required standard. Further, while an R of an inner angle 
is 5 mm, an R of an outer angle is 0 . 5 mm so as to be formed 
in a sharp edge. When the R in the edge section is large, 
when a stress is applied to the basket 430, a stress 
concentration is generated in a particular section (near 

20 the edge) of the sq^dare^iipe 132, whereby it may cause a 
breakage. Accordingl-y , since the stress is 

straightforwardly transmitted to the adj acent angular pipes 
132 by forming the square pipe 132 in a sharp edge, it is 
possible to avoid a stress concentration against the 

25 particular section of the square pipe .132. In this case, 



as another manufacturing method of the square pipe 132 , there 
is a technique which has been already filed by the applicant 
of the present application on May 27 , 1999 ( "Basket and Cask" ) , 
it is possible to refer to the technique. 

Fig. 23 is a perspective view which shows an inserting 
method of the square pipe . The square pipes 132 manufactured 
according to the steps mentioned above are sequentially 
inserted along the worked shape within the cavity 102. In 
this case, since a bending, and a torsion are generated in 
the square pipe 132 and the minus tolerance of size is 0, 
it is hard to insert the square pipes 132 due to an accumulation 
of the tolerance and an influence of the bending when the 
square pipe 132 is going to be properly inserted, and if 
the square pipe is forcibly inserted, an excessive stress 
is applied to the square pipe 132. Accordingly, all or a 
part of the manufactured square pipes 132 are previously 
measured in view of the bending and the torsion by a laser 
measuring device or the like, and an optimum inserting 
position is determined on the basis of the measured data 
by using a computer. According to the structure mentioned 
above, it is possible to easily insert the square pipes 132 
within the cavity 102, and it is possible to uniformize the 
stress applied to the respective square pipes 132. 

Further, as shown in Figs. 22 and 23, dummy pipes 4 33 
are respectively inserted to both sides of square pipe lines 



having five or seven cells among the cavities 102 . The dummy 
pipes 433 also employ the aluminum alloy containing the boron 
and are manufactured according to the same steps mentioned 
above. Further, covers are provided in both ends of the 
dummy pipes 433 (refer to Fig. 6A) . The covers may be 
provided in the dummy pipes 433 , or the cask 400 can be made 
light by sealing an inner section. Further, the structure 
may be made such that the neutron shielding material such 
as the helium, the resin or the like is charged in the inner 
sections of the dummy pipes 433. 

As mentioned above , according to the cask of one aspect 
of the present invention, since the inner section of the 
cavity of the barren main body which has the neutron shielding 

body in the outer periphery and shields the y rays is formed 
in the shape corresponding to the outer shape of the basket 
having the square cross sectional shape and constructed by 
alternately piling up a plurality of plate-like members, 
there is generated the section in which the basket is in 
surface contact with the inner surface of the cavity and 
the space between the basket and the cavity is lost or small . 
Accordingly, the efficiency of heat conduction can be 
improved and it is possible to increase the receiving number 
of the spent fuel assemblies. Further, it is possible to 
make' the structure compact or light. 

Further, according to the cask of another aspect of 



the.present invention, since the inner section of the cavity 
of the barren main body which has the neutron shielding body 
in the outer periphery and shields the y rays is formed in 
the shape corresponding to the outer shape of the integrally 
cast basket having the square cross sectional shape, the 
basket is in surface contact with the inner surface of the 
cavity and the space between the basket and the cavity is 
lost or small. 'Accordingly, the efficiency of heat 
conduction can be improved and it is possible to increase 
the receiving number of the spent fuel assemblies . Further , 
it is possible to make the structure compact or light . 

Moreover , in the cask according to the above-mentioned 
aspects, a part within the cavity is formed in the shape 
corresponding to the outer shape of the basket. Therefore, 
although this cask becomes inferior to the cask according 
to the above-mentioned aspects, it is possible to improve 
the efficiency of heat conduction and it is possible to 
increase the receiving number of the spent fuel assemblies. 
Further, it is possible to make the structure compact or 
light. 

Furthermore, in the cask* according to the 
above-mentioned aspects , the dummy pipe is further provided , 
a portion having a surplus thickness of the barrel main body 
within the cavity is formed in the shape corresponding to 
the outer shape of the dummy pipe, and the dummy pipe is 



inserted within the cavity together with the basket in a 
state of being in contact with the plate-like member. 
Accordingly , it is possible to intend to make the cask further 
light. Further, it is possible to improve the efficiency 
5 of heat conduction. 

Moreover, in the cask according to the above-mentioned 
aspects, both ends of the dummy pipe are closed . Therefore, 
it is possible to make the cask light. 

In addition , in the cask according to the 
10 above-mentioned aspects, the heatvconducting medium such 
;;;J a as the helium gas or the like is sealed within the dummy 

i|j pipe having both ends closed. Therefore, it is possible 

(3 

; 'q to make the cask light and improve the efficiency of heat 

f'i conduction. 

•tier 
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iiy 15 Although the invention has been described with respect 

i,n 

□ to a specific embodiment for a complete and clear disclosure , 

fiU > • 

the appended claims are not to be thus limited but are to 

be construed as embodying all modifications and alternative 

constructions that may occur to one skilled in the art which 

20 fairly fall within the basic teaching herein set forth. 
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